Thomomys sheldoni Bailey, 1915 is resurrected to recognize a genetically divergent clade of smooth-toothed pocket gophers that inhabits the high-elevation pine-oak forests of the Sierra Madre Occidental in Mexico from northwestern Chihuahua through Durango to western Zacatecas and northeastern Nayarit. Analyses of DNA sequences from 8 genes and genotype assignment tests for 21 allozyme loci establish this clade as a genetically isolated taxon within the T. umbrinus (sensu lato) complex. In addition to the T. sheldoni clade (diploid number of 2n ¼ 76), 3 genetic clades within T. umbrinus (2n ¼ 78) and 1 newly discovered clade (2n ¼ 76) also were recovered in the phylogenetic analyses. Individuals of T. sheldoni and T. umbrinus occur in close proximity with no evidence of gene flow and an average cytochrome-b genetic divergence of 15.6%. Analyses of cranial morphology reveal that skulls of T. sheldoni are, on average, broader and longer than skulls of T. umbrinus and T. atrovarius. We recognize and provide synonymies for 2 subspecies within T. sheldoni based on a weak genetic and morphological break that is coincident with a large, north-south gap in its distribution: T. s. sheldoni in the southern Sierra Madre Occidental, which includes specimens from the type locality and populations in Durango, Zacatecas, and Nayarit; and T. s. chihuahuae in the northern Sierra Madre Occidental, which is known only from Chihuahua.
The southern pocket gopher, Thomomys umbrinus Richardson, 1829, as recognized by Patton (2005) , is a primarily Mexican rodent that is poorly studied relative to its northern congener, T. bottae. T. umbrinus is distributed from southcentral Arizona and southwestern New Mexico southward into Veracruz, Mexico (Fig. 1) . The published records of T. umbrinus are fraught with taxonomic controversy. Because of documented hybridization between T. umbrinus and T. bottae in southern Arizona (Patton and Dingman 1968; Hoffmeister 1969) , Hall (1981) considered these taxa conspecific and listed .200 subspecies of T. umbrinus. Taxonomic references now recognize T. umbrinus and T. bottae as separate species, with T. umbrinus containing 25 valid subspecies (Patton 2005) . At least 8 subspecies of T. umbrinus originally were described as species, of which 1 was recently returned to species status as T. atrovarius (Álvarez-Castañeda 2010; Hafner et al. 2011) .
As the T. bottae-T. umbrinus controversy illustrates, pocket gopher taxonomy is complicated by the fact that wellrecognized species of pocket gophers often hybridize when in contact (Thaeler 1968 (Thaeler , 1974 Patton 1973; Patton et al. 1979 Patton et al. , 1984 Hafner et al. 1983 ). Patton and Smith (1989) differentiated between species and races of pocket gophers based on levels of hybridization. They recognized taxa as species if hybridization was limited to F 1 hybrids, which indicated absence of genetic introgression. Patton (1993) recognized that pocket gopher taxa could experience limited genetic introgression on a local scale yet still be on separate evolutionary trajectories at a broader geographical scale because of the decreasing effect of gene flow with increasing distances between populations. To make matters more complicated, divergent lineages of pocket gophers have been shown to be susceptible to genetic reticulation, potentially w w w . m a m m a l o g y . o r g 544 leading to fully resolved yet incorrect species trees (Patton and Smith 1994) . Patton and Feder (1978) used chromosomes and allozymes to identify 3 distinct groups within T. umbrinus that might represent separate species: 1 with a diploid chromosome number (2n) of 78 found mostly on the Mexican plateau but extending into southwestern New Mexico and southeastern Arizona, and 2 higher-elevation groups with 2n ¼ 76 that were potentially separated by the Barranca del Cobre (''Copper Canyon'') in the Sierra Madre Occidental of Mexico.
The findings of Patton and Feder (1978) were corroborated by Hafner et al. (1987) , who, with increased sampling, used allozymes and karyology to delimit 5 geographic groups within T. umbrinus. Three groups had 2n ¼ 76: the previously identified Northern and Southern Sierra Madre groups and a newly discovered Coastal Sinaloa group possibly basal to the entire T. umbrinus complex. The 2n ¼ 78 group on the Mexican plateau was divided into Central Plateau and Northern Desert groups. These 5 groups were upheld in a genus-wide phylogenetic analysis of Thomomys by Smith (1998) . Álvarez-Castañeda (2010) recommended that the Mexican-Pacific clade (equivalent to the Coastal Sinaloa group of Hafner et al. [1987] ) be elevated to species status, and Hafner et al. (2011) formally resurrected the name T. atrovarius J. A. Allen, 1898, for this taxon. Álvarez-Castañeda (2010) further recommended elevation of a ''Mexican mountain group'' (corresponding to the combined Northern and Southern Sierra Madre groups) of T. umbrinus to full species status as ''T. chihuahu [a] e'' [sic], but did not sample critical type localities Triangles are localities of ancient DNA samples. The 2 black stars (localities 35 and 36) indicate samples of T. bottae used as outgroups. Clades were originally defined by Hafner et al. (1987) based on allozyme and chromosomal data. Major changes include discovery of 2 genetically defined clades within the old Central Plateau clade, assignment of localities 8-10 to the Central Plateau clade rather than the Northern Desert clade, merger of the Northern and Southern Sierra Madre clades into a single clade now recognized as T. sheldoni, and discovery of a genetically divergent 2n ¼ 76 clade of Thomomys in Sierra del Nayar clade. The distribution of T. atrovarius is modified from Fig. 1 in Hafner et al. (2011) . The 2 question marks flanked by dashed lines in the Sierra Madre and Trans-Mexican Volcanic Belt clades indicate regions with no museum records of Thomomys pocket gophers.
in his analysis, which rendered his recommendation problematic.
Further investigation of the species status of the Sierra Madre clades of T. umbrinus is clearly warranted given the presence of fixed chromosomal and allelic differences between the Northern Sierra Madre (2n ¼ 76) and Northern Desert (2n ¼ 78) groups where they come into close proximity in northwestern Chihuahua (Hafner et al. 1987 ; Fig. 1 ). Allozymic differences between the Central Plateau and Northern Desert groups (both 2n ¼ 78) signal the need for additional investigation of the species status of these groups as well.
In this study, we investigate the evolutionary relationships among 4 clades of T. umbrinus (Northern Sierra Madre, Southern Sierra Madre, Northern Desert, and Central PlateauHafner et al. 1987 ) by examination of new DNA sequence data, reanalysis of published allozyme data, and study of cranial morphometrics. We use existing tissue and skeletal material of T. umbrinus available from museum collections supplemented by new samples obtained through our extensive fieldwork in Mexico to improve our understanding of the geographic distribution of the genetically defined clades within the T. umbrinus complex.
MATERIALS AND METHODS
Sampling.-One hundred twenty-four specimens of Thomomys (including 90 T. umbrinus, 21 T. atrovarius, and 13 T. bottae) were collected between 2006 and 2012 using standard trapping methods approved by the American Society of Mammalogists (Sikes et al. 2011) . Selected individuals from each locality were karyotyped in the field using the postmortem technique of Hafner and Sandquist (1989) to verify diploid numbers. Vouchers were prepared as skin-plus-skeleton specimens (Hafner et al. 1984) and deposited in the Louisiana State University Museum of Natural Science (LSUMZ) or the Colección Nacional de Mamíferos, Instituto de Biología, Universidad Nacional Autónoma de México (CNMA). Frozen tissues from an additional 90 inidviduals of Thomomys were obtained from museum tissue collections. Collection localities are listed in Appendix I and mapped in Fig. 1 .
Sequencing of DNA.-In the initial phase of the analysis, the mitochondrial cytochrome-b gene (Cytb) was sequenced for at least 1 individual from each locality. Based on those results, DNA sequences for 7 additional genes were obtained for 31 individuals of T. umbrinus chosen to represent the overall geographic distribution of each clade (Fig. 1) . Also included in the final data set were 3 specimens of T. atrovarius and 2 specimens of T. bottae (representing, along with T. umbrinus, the subgenus Megascapheus). Outgroups included 1 specimen each of T. talpoides and T. mazama (representing the subgenus Thomomys) and 1 specimen of Orthogeomys hispidus (Appendix I).
The DNA sequences were obtained from 3 mitochondrial genes: Cytb (1,140 base pairs [bp]), 12S rRNA (12S; 868 bp), and cytochrome oxidase I (COI; 1,545 bp). In addition, 5 nuclear genes were sequenced, including the 5 0 end of exon 1 of the single-copy interphotoreceptor retinoid binding protein (IRBP; 1,272 bp), the growth hormone receptor gene (GHR; 832 bp), recombination activating protein I (RAG1; 1,293 bp), the mast cell growth factor protein (MGF; 729 bp), and 1 anonymous locus (TBO47 from Belfiore et al. [2008] ; 601 bp).
The DNA was extracted from approximately 25 mg of liver or kidney tissue using the DNeasy extraction kit (Qiagen, Valencia, California), following the protocol for animal tissues. DNA was amplified using the following polymerase chain reaction conditions in a 25-ll reaction volume: 1-2 ll (50 ng) of template DNA, 0.5 ll of 10 mM deoxynucleoside triphosphates (2.5 mM each of deoxyadenosine triphosphate, deoxycytosine triphosphate, deoxyguanosine triphosphate, and deoxythymidine triphosphate), 0.5 ll of primer (primers are listed in Appendix II), 2.5 ll of MgCl (25 mM), 1 ll of 1X bovine serum albumin, 2.5 ll of 10X buffer, 0.1 ll of Taq (Amplitaq Gold DNA polymerase; Applied Biosystems, Foster City, California), and sterile distilled water. The thermal profile consisted of 958C for 2-10 min, followed by 30-35 cycles of the following: denaturation at 958C for 15-90 s, annealing at a primer-specific temperature (Appendix II) for 20-120 s, 1-2 min extension at 728C, and final primer extension at 728C for 5-10 min. Polymerase chain reaction products were visualized on 1% sodium borate agarose gels stained with ethidium bromide or Syber Green (Zipper et al. 2004) . Positive amplicons were then purified with a 20% polyethylene glycol cleanup solution or an exonuclease I and shrimp alkaline phosphatase solution (ExoSAP-IT; Affymetrix Inc., Santa Clara, California).
Both DNA strands were sequenced from clean reaction products using 1.5-2.1 ll of 5X sequencing buffer (Applied Biosystems), 1 ll of 10 mM primer, 1-1.5 ll of template, 0.35-0.5 ll of Big Dye Terminator cycle-sequencing kit 3.1 (Applied Biosystems), and 1.5-2.1 ll of sterile distilled water. Cycle sequencing conditions consisted of 958C for 5 min, followed by 40 cycles of the following: denaturation at 958C for 30 s, annealing at 508C for 10 s, and annealing at 608C for 4 min. Cycle sequencing product was cleaned using Sephadex G-50 (GE Healthcare, Piscataway, New Jersey) in 400-ll DTR 96-well plates (Phenix Research Products, Candler, North Carolina). Amplicons were separated and visualized on an Applied Biosystems 3100 Genetic Analyzer housed in the LSUMZ. Sequences were assembled and edited using Sequencher 4.7 (Gene Codes Corp., Ann Arbor, Michigan) and Geneious 5.2 (Drummond et al. 2011) . Alignments were made using the MUSCLE algorithm in Geneious and checked by eye.
Pocket gophers from 6 localities (including the type locality of T. umbrinus sheldoni in the Sierra Madre Occidental) were included for ancient DNA analysis. Skin clips were obtained from museum study skins collected between 1955 and 1977 and amplified for a fragment of Cytb. Amplification and sequencing protocols and primer information for the ancient DNA can be found in Hafner et al. (2011) . All DNA sequences are deposited in GenBank (Appendix III) with the exception of 4 ancient DNA sequences that did not meet the minimum length requirement (Supporting Information S1, DOI: 10.1644/ 12-MAMM-A-225.1.S1).
Phylogenetic analyses.-Bayesian inference (BI) analyses were performed using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) and maximum-likelihood (ML) analyses were implemented in RaxML 7.3.0 (Stamatakis 2006) via the CIPRES Gateway (Miller et al. 2010) . We evaluated the most appropriate evolutionary models for each gene in MrModelTest 2.4 (Nylander 2004) , which provides models appropriate for both BI and ML analyses. We selected the best model using the Akaike information criterion (Table 1) .
In both sets of phylogenetic analyses (BI and ML), nucleotide sequences were concatenated and then partitioned by gene using each gene's appropriate evolutionary model (Table 1) . For the BI analysis, model parameters were treated as unknown variables with uniform priors. Two independent runs were initiated with random starting trees and an initial melting point of 0.25, and run for at least 9 3 10 6 generations with 4 incrementally heated chains (Metropolis-coupled Markov chain Monte Carlo [Huelsenbeck and Ronquist 2001] ) and sampled every 100 generations. Convergence and stationarity were assessed using Tracer version 1.5 . Trees generated before stationarity of log-likelihood scores was reached were discarded. Clade support was assessed using Bayesian posterior probabilities. ML gene-partitioned analyses were run for 1,000 bootstraps, using the GTRCAT model for the bootstrapping phase in RaxML and GTRGAMMA model for the tree inference phase.
To supplement the BI and ML analyses, a species tree analysis was run in *BEAST 1.7.2 (Heled and Drummond 2010) . This program coestimates multiple gene trees within a shared species tree in a coalescent framework using a Bayesian Markov chain Monte Carlo algorithm. The same taxa and sequences from the BI and ML analyses were used in this analysis with the exception of the MGF gene, which lacked a representative for the outgroup O. hispidus. Individuals were assigned to genetic clades according to the BI and ML phylogenetic analyses. The same evolutionary models used in the BI and ML analyses were used in the species tree analysis (Table 1) . Uncorrelated lognormal relaxed clock models were used and species trees were estimated using the Yule process tree prior with a randomly generated starting tree. The analysis was run for 10 7 generations with sampling every 5,000 generations. Two independent runs of this analysis were performed to assess and confirm convergence on the same species tree. Both runs were combined using LogCombiner and convergence of the MCMC was assessed using Tracer version 1.5, where high effective sample sizes (.500) for all parameters were confirmed. After discarding a 10% burn-in, a maximum clade credibility tree was generated in TreeAnnotator (BEAST 1.7.2 package-Drummond and Rambaut 2007).
Genetic divergence.-Genetic divergence values and phylogenetically informative sites were analyzed in MEGA4 (Tamura et al. 2007) . A Mantel test, implemented in GENALEX 6 (Peakall and Smouse 2006) was conducted on the 2n ¼ 78 T. umbrinus complex to test for isolation by distance. The test was run for 999 random permutations and used matrices of geographic distances and Kimura 2-parameter pairwise sequence divergence of Cytb to address the hypothesis that there is a significant correlation between increasing genetic and geographic distance.
Genotype assignment test.-Allozyme data originally detailed in Hafner et al. (1987) were used to further investigate the relationships between the 2n ¼ 78 Northern Desert clade and the 2n ¼ 76 Northern and Southern Sierra Madre clades. Genotype assignment tests for 22 polymorphic loci were performed in Arlequin 3.1 (Excoffier et al. 2005) . These tests compute the log-likelihood of the genotypes of the individuals in each clade under the assumption that they were taken from the same population and have equal allele frequencies (Paetkau et al. 1997; Waser and Strobeck 1998) . The output from this test can allow us to infer whether the individual genotypes belong more to one population than to another.
Morphometric analyses.-Because of extreme sexual dimorphism in pocket gophers (Smith and Patton 1988; Patton and Smith 1990; Hafner et al. 2004) , only adult female Thomomys were used in the morphometric analyses. Specimens were judged to be adult based on fusion of the exoccipital-supraoccipital and basioccipital-basispheniod sutures (Daly and Patton 1986) . Twelve cranial characters were measured to the nearest 0.1 mm using handheld digital calipers. The characters measured were cranial width (CW), diastema length (DIA), width of interorbital constriction (IOC), mastoid breadth (MB), length of maxillary toothrow (MTR), nasal length (NL), occipital-nasal length (ONL), occipitalincisor length (OIL), rostral width (RW), zygomatic breadth (ZB), breadth of mandible (BM), and mandible length (ML). These characters have proven to be informative in previous morphometric studies of pocket gophers (Smith and Patton 1988; Patton and Smith 1990; Hafner et al. 2004) . Morphological variation in Sierra Madre T. umbrinus was analyzed by dividing the group into northern and southern subgroups based on the molecular data. These subgroups were then compared independently to geographically proximate populations of pocket gophers belonging to other groups of T. umbrinus or T. atrovarius. The northern and southern subgroups also were compared to each other to examine within-group geographical variation. Statistical analyses of the morphometric data were conducted using SPSS 19 (IBM, Armonk, New York). Data were assessed for normality and examined for extreme outliers, which were removed from further analyses. Data were transformed (X ¼ 0, SD ¼ 1) and a multivariate analysis of variance (MANOVA) was used to test the null hypothesis of no significant difference between a priori groups. A post hoc analysis of the MANOVA was assessed with Tukey's honestly significant different. Direct discriminant function analysis (DFA) was performed to generate discriminant functions (DFs) to predict group membership and evaluate if individuals could be properly assigned to their a priori groups.
RESULTS
Phylogenetic analyses.-The 3 mitochondrial genes (Cytb, 12S, and COI) were explored both separately and also as a concatenated data set because they are linked and share the same evolutionary model (Table 1) . Separately, they produced topologically similar trees (not shown) once weakly supported nodes were collapsed (BI posterior probability [pp] , 0.95, bootstrap support [bs] , 80%). The tree generated from the concatenated sequences (not shown) showed only moderate support for basal nodes, but showed strong support (pp ! 0.99, bs ! 90) for monophyly of the genetic clades originally defined by Hafner et al. (1987) . Phylogenetic analyses conducted separately on each of the 5 nuclear genes resulted in largely unresolved trees (trees not shown); however, GHR and RAG1 (BI and ML analyses) and MGF (ML only) showed support for monophyly of the Sierra Madre clade. Parsimony-informative sites ranged from 1% to 37% of each gene (Table 1) .
Pairwise partition-homogeneity tests conducted in PAUP* (Swofford 2003) revealed that trees generated from the IRBP sequences had a significantly different topology from trees generated from the other genes (P 0.04). However, genepartitioned ML and BI trees generated from the concatenated sequences showed identical topologies with or without the IRBP sequences, so IRBP sequences were included in all subsequent analyses resulting in a total of 8,280 bp (mitochondrial þ nuclear) analyzed.
Gene-partitioned ML and BI trees generated from the concatenated sequences (Fig. 2) show relatively strong support for the 2n ¼ 78 clades previously reported by Hafner et al. (1987) , with some notable differences. Two samples from north-central Chihuahua (localities 8 and 10 in Fig. 1 ) were originally classified by Hafner et al. (1987) as Northern Desert based on allozymes, but our multilocus DNA sequence analyses indicate they belong to the redefined Central Plateau clade. As a result, the Northern Desert clade of Hafner et al. (1987) appears to be restricted to a small number of localities in New Mexico, Arizona, Sonora, and northwestern Chihuahua. The Central Plateau clade, as redefined herein, is distributed from central Chihuahua through central Durango, and there is moderate support for a sister relationship with the Northern Desert clade (pp ¼ 0.95, bs ¼ 89; Fig. 2 ). Increased sampling revealed a basal clade of T. umbrinus with 2n ¼ 78, extending southward from southern Durango into the Trans-Mexico Volcanic Belt (TMVB) of central Mexico (Fig. 1) . Within this clade, the northernmost locality sampled (locality 20; Fig. 2 ) appears to be basal to and genetically distinct from the other members of the TMVB.
Pocket gophers from the Sierra Madre Occidental form a well-defined monophyletic clade ( Figs. 1 and 2 ) that is part of an unresolved polytomy. Individuals of the Sierra Madre clade shared no haplotypes with individuals of any other group at any of the genes examined except TBO47, which had only 6 haplotypes for the entire data set and was uninformative from a phylogenetic perspective.
Our DNA sequence analyses revealed a genetic subdivision between northern and southern populations of the Sierra Madre Occidental, but the split does not coincide with the Barranca del Cobre, as hypothesized by Hafner et al. (1987) . Instead, individuals collected on either side of this precipitous canyon (localities 12 and 13 in Fig. 1 ) belong to the same monophyletic group. Individuals from locality 15 (Figs. 1 and 2) were either weakly grouped with other northern Sierra Madre populations via ML (bs ¼ 48) or were basal to the Sierra Madre clade via BI (pp ¼ 0.6).
Newly collected individuals from the Sierra del Nayar of Nayarit (localities 25 and 26 in Fig. 1 ) formed a surprisingly divergent monophyletic clade with only distant affinities to other 2n ¼ 76 clades (Fig. 2) . Despite being collected only 13 km from individuals of the Sierra Madre clade, individuals of the Sierra del Nayar clade share no haplotypes with Sierra Madre individuals at any of the genes sampled.
Results of the species tree analysis in *BEAST generally corroborated those of the BI and ML analyses, but with weaker support at almost all nodes. Only the 2n ¼ 78 T. umbrinus clade had strong (bs . 0.90) support for monophyly.
Genetic divergence.-Mean Cytb divergence values calculated using the Kimura 2-parameter correction (Kimura 1980) show within-clade divergences ranging from 0.6% within the geographically restricted Sierra del Nayar clade to 10.5% within the widespread TMVB clade (Table 2) . Mean pairwise Cytb divergence values among the 5 major clades of T. umbrinus averaged 15.9%. T. atrovarius had an average divergence of 16.4% from the 5 T. umbrinus clades examined, and T. bottae had an average Cytb divergence of 17.6% from T. umbrinus and T. atrovarius. Average divergence between the northern and southern Sierra Madre populations was 6%. A Mantel test of individuals belonging to the 2n ¼ 78 T. umbrinus complex revealed a significant pattern of increasing genetic distance with increasing geographic distance, supporting an isolation-by-distance effect (R 2 ¼ 0.23, P ¼ 0.001). Genotype assignment test.-The genotype assignment tests using allozyme data from Hafner et al. (1987) revealed a sharp discordance between the Northern Desert and Sierra Madre clades, with no overlap of log-likelihood scores between them (Fig. 3) . The absence of shared genotypes is consistent with the analysis of the multilocus sequence data in signaling genetic isolation between the 2 clades.
Morphometric analysis.-The Sierra Madre clade was divided into northern and southern geographic subgroups as defined in the multilocus genetic analysis (Fig. 2) . Specimens from locality 15 (Figs. 1 and 2) were treated as members of the northern geographic group. Northern Sierra Madre individuals were compared to proximate individuals from the Northern Desert and Central Plateau groups. Southern Sierra Madre individuals were compared to nearby samples from the Sierra del Nayar and TMVB clades, as well as nearby individuals of T. atrovarius. Finally, northern and southern Sierra Madre individuals were compared to each other to investigate whether morphological differences coincided with the genetic break shown in Fig. 2 . In the comparison of southern Sierra Madre individuals with nearby populations of other groups, 2 variables (IOC and CW) were nonnormally distributed, but after removal of extreme outliers, only CW remained nonnormal. In the comparison of northern Sierra Madre individuals with their neighbors, ZB was nonnormal. Nonnormal variables were removed from the MANOVA but were retained for the DFA because this analysis is robust to deviations from normality not caused by outliers (Tabachnick and Fidell 1996) . In the comparison of northern Sierra Madre individuals with nearby individuals belonging to other groups, a MANOVA revealed that northern Sierra Madre individuals were significantly larger than nearby individuals from the Northern Desert group for all measurements (P , 0.05) and significantly larger than adjacent Central Plateau individuals for ONL, RW, and IOC. Two significant canonical DFs successfully classified 95.6% of individuals to their correct group (100% for northern Sierra Madre, 81.8% for Central Plateau, and 100% for Northern Desert). ONL showed strong positive loading and OIL showed strong negative loading on DF1 in the analysis (Table 3) . A visual inspection of DF1 and DF2 (Fig. 4a ) reveals reasonably good separation of the 3 groups, with Central Plateau specimens separated from the other groups mostly along DF1 and Northern Desert individuals separated from the other groups primarily by DF2.
In the comparison of southern Sierra Madre individuals with nearby individuals belonging to other groups, Tukey's honestly significant different post hoc tests on the significant MANOVA revealed individuals from the southern end of the Sierra Madre clade to be significantly (P , 0.05) larger than TMVB individuals for ONL, NL, and RW. The Sierra Madre group was significantly larger than both the TMVB group and T. atrovarius for IOC and ZB. Individuals of the southern Sierra Madre group were always significantly larger than individuals from the Sierra del Nayar (P , 0.05) except for the variable IOC. Given the small sample size of Sierra del Nayar individuals (n ¼ 9), this apparent size difference should be interpreted with caution.
Three significant DFs correctly assigned 86.7% of the individuals to the correct group: 86.4% for Sierra Madre individuals, 100% for Sierra del Nayar specimens, 70% for TMVB specimens, and 89.5% for individuals of T. atrovarius. NL had a relatively high, positive loading on DF1, and MB and BM had a high positive and negative loading, respectively, on DF2 (Table 3) . A plot of the first 2 DFs (Fig. 4b) shows the southern Sierra Madre clade to be fairly well separated from the TMVB and Sierra del Nayar groups, although there is more overlap with T. atrovarius. When individuals of the northern Sierra Madre subgroup (currently placed in the subspecies T. u. chihuahuae and T. u. madrensis) were compared morphometrically to individuals of the southern Sierra Madre subgroup (subspecies T. u. sheldoni and T. u. crassidens), analyses of variance showed northern individuals to be significantly larger for ONL (F 1,52 ¼ 10.30, P ¼ 0.002), NL (F 1,52 ¼ 6.5, P ¼ 0.014), and DIA (F 1,52 ¼ 6.41, P ¼ 0.014). Only 1 significant function was generated in the DFA (Wilks' k 12 ¼ 0.40, P , 0.001). ONL and DIA showed high, positive loadings on this axis, whereas ML showed strong, negative loading (Table 3 ). The DFA assigned 90.9% of northern Sierra Madre and 84.6% of southern Sierra Madre individuals to their correct subgroup. All size differences should be interpreted with caution because of phenotypic plasticity inherent in Thomomys (Patton and Brylski 1987; Smith and Patton 1988) .
DISCUSSION
We employ the biological species concept in this study, recognizing that the life-history characteristics of Geomyidae (patchy distributions, small population sizes, and exceptional TABLE 3.-Canonical discriminant functions (DFs), eigenvalues, canonical correlations, and variance explained for 12 morphometric variables used to investigate morphological variation in the Sierra Madre clade of the Thomomys umbrinus complex (Fig. 1) . Shown are the character loadings on the 2 significant functions for a comparison of the northern Sierra Madre group to nearby T. umbrinus (Northern Desert and Central Plateau) and character loadings on 2 of the 3 significant functions for a comparison of the southern Sierra Madre group to nearby T. umbrinus (Trans-Mexico Volcanic Belt and Sierra del Nayar), and T. atrovarius. The ''Sierra Madre'' column is a comparison between the northern and southern subgroups within the Sierra Madre group to investigate within-group geographic variation and had only 1 significant DF. genetic structure) can make this occasionally problematic (Steinberg and Patton 2000) . In such cases, we refer to diagnosable, monophyletic lineages to guide our species designations. Chromosomal differences in pocket gophers, frequently represented by differences in diploid number, often signal reproductive barriers to gene flow (Patton and Feder 1978; Patton 1985) . Thus, populations of pocket gophers that represent monophyletic lineages and show no differences in diploid number are considered conspecific until future data are available to refute this claim.
Our multilocus analysis of DNA sequence data shows all populations of T. umbrinus with 2n ¼ 78 chromosomes to be monophyletic. The 2n ¼ 78 populations comprise 3 genetically distinguishable clades (Northern Desert, Central Plateau, and TMVB [ Figs. 1 and 2] ) that appear to be separated by barren, rocky habitat that may inhibit dispersal. The discordance between allozyme data presented in Hafner et al. (1987) and newly generated sequence data for localities 8 and 10 ( Fig. 1) may signal recent or limited gene flow between the Northern Desert and Central Plateau subclades. The positive relationship between range size and within-clade genetic variation in the 2n ¼ 78 clades is consistent with the isolation-by-distance explanation and is supported by the significant, positive relationship shown in the Mantel test. The 3 clades share haplotypes at 4 of 5 nuclear loci, which could reflect shared ancestral polymorphisms or could be evidence of limited gene flow. Regardless, the 3 clades are monophyletic and share the same diploid number, so they are considered conspecific. The type locality of T. umbrinus (locality 34) lies within the 2n ¼ 78 clade, so this taxon (containing the Northern Desert, Central Plateau, and TMVB subclades) retains the species name umbrinus. Ongoing investigations by VLM using expanded morphological analyses will clarify the evolutionary relationships within 2n ¼ 78 T. umbrinus.
Although 3 genetically distinct clades within the T. umbrinus complex share a diploid number of 76, this character is of dubious phylogenetic value because it also is shared with the outgroup, T. bottae, and is almost certainly the primitive diploid number within the Thomomys subgenus Megascapheus (reviewed by Patton [1981] and Hafner et al. [1983] ). Hafner et al. (2011) suggested that the 2n ¼ 76 clades may be monophyletic, but bootstrap support for monophyly in their summary tree based on mitochondrial and nuclear sequences was weak (bs ¼ 78). Similarly, the 3 T. umbrinus clades with 2n ¼ 76 are not depicted as monophyletic in this study once nodes with weak branch support are collapsed (Fig. 2) .
Following the recommendation ofÁlvarez-Castañeda (2010), Hafner et al. (2011) formally elevated the Coastal Sinaloa clade of T. umbrinus (2n ¼ 76) to full species status (as T. atrovarius) based on phylogenetic, morphological, and ecological evidence combined with absence of detectable gene flow with populations of pocket gophers from the adjacent Sierra Madre Occidental.
A second 2n ¼ 76 clade was identified in this study from the Sierra del Nayar in northeastern Nayarit. This geographically restricted clade (only 2 known populations) is in close proximity to populations of the Sierra Madre clade (13 km to the north) and a population of T. atrovarius (11 km to the southwest). There were no shared haplotypes among the 3 populations (except for TBO47, which exhibited little variation in the data). Current genetic data support our conclusion that this clade represents a new species of pocket gopher. However, we refrain from formally naming this new species at this time and will present a formal description once all morphological and genetic data have been gathered and analyzed.
The third 2n ¼ 76 clade within the T. umbrinus complex, the Sierra Madre clade (Figs. 1 and 2) , has a long, narrow geographic distribution extending almost the entire length of the Sierra Madre Occidental. Patton and Feder (1978) were the 1st to suggest, based on allozymic and karyological evidence, that the 2n ¼ 76 Sierra Madre clade of T. umbrinus was potentially genetically isolated from nearby populations of the 2n ¼ 78 Northern Desert clade where the 2 groups come into close contact in northwestern Chihuahua. They reported 2 fixed allelic differences between populations of the 2 clades located only about 10 km apart and separated by no obvious ecological barrier. Patton and Feder (1978) also noted that structural rearrangements of chromosomes resulting in different diploid numbers often are indicative of reproductive incompatibility in pocket gophers (Thaeler 1974; Patton and Yang 1977) . They identified 2 genetically divergent clades within the 2n ¼ 76 Sierra Madre group-1 in the north and 1 in the south-potentially separated by the Barranca del Cobre in south-central Chihuahua.
Increased sampling in the present study has narrowed the 10-km gap between Northern Desert and Sierra Madre populations reported by Patton and Feder (1978) to approximately 2 km. Although we did not find the animals in contact, our explorations in the area confirmed that there are no obvious ecological or geographical barriers between the 2 clades. We conclude that populations of the Northern Desert and Sierra Madre clades probably come into contact in this area, but the extremely patchy distribution of pocket gophers in this rugged, mountainous region likely prevented us from finding the animals in contact. As reported by multiple authors (e.g., Thaeler 1974 Thaeler , 1985 Hafner et al. 1983; Patton et al. 1984) , limited interbreeding with little or no genetic introgression can occur between pocket gophers of different species. For example, where 2n ¼ 78 T. umbrinus of the Northern Desert clade meet 2n ¼ 76 T. bottae in Arizona, limited hybridization occurs with no evidence of introgression due to meiotic imbalances that result in male sterility (Patton and Dingman 1968; Patton 1973) .
In our study, the absence of shared haplotypes at 7 loci, the strict discordance in genotypes as revealed by assignment tests (Fig. 3) , and the high level of genetic differentiation (14-18% Cytb divergence between individuals only 2 km apart) indicate that the Northern Desert and Sierra Madre clades are genetically, if not reproductively, isolated where they meet in northwestern Chihuahua.Álvarez-Castañeda (2010) recommended elevation of the Sierra Madre clade to full species status as T. chihuahu[a]e [sic], but our expanded sampling of populations in the southern Sierra Madre Occidental and the inclusion of specimens from the type locality of T. u. sheldoni in Nayarit reveals that the species name T. sheldoni Bailey, 1915 has nomenclatorial priority within the Sierra Madre clade.
The geographic distribution of T. sheldoni spans 108 of latitude (almost 1,000 km) in the Sierra Madre Occidental and consists of north and south genetic subclades. There is a large, .200-km gap between northern and southern Sierra Madre populations where no records of specimens exist. This gap may reflect the actual distribution of the 2 subgroups, but we suspect that it is simply an artifact of poor sampling in this remote, mountainous region of western Durango. Examination of current data shows the northern and southern populations to be reciprocally monophyletic, although the population at El Vergel (locality 15 in Fig. 1 ) is only weakly linked with the northern subclade (bs ¼ 48). The 2 subclades show somewhat different cranial morphologies, because northern individuals tend to have larger and longer skulls. We formally recognize these genetic, morphological, and distributional differences between the northern and southern subclades of T. sheldoni by establishing 2 subspecies, T. s. sheldoni in the south and T. s. chihuahuae in the north. A synonymy of T. sheldoni follows, along with comments on distinguishing individuals belonging to T. sheldoni from geographically adjacent individuals of T. umbrinus and T. atrovarius.
Thomomys sheldoni Bailey, 1915 Sierra Madre Occidental pocket gopher (Synonymy under subspecies)
Geographic range.-Restricted to the upper elevations (!2,000 m) of the Sierra Madre Occidental from west-central Chihuahua extending southward through western Durango to northeastern Nayarit and western Zacatecas (Sierra Madre clade in Fig. 1) .
Description.-Pelage moderately dense, medium to dark brown on dorsum, occasionally with a faint, slightly darker dorsal stripe. Ventrum often golden or yellowish brown with a slightly lighter wash of golden brown on the sides. One pair of pectoral mammae in females. Diploid number is 76.
Comments.-Anderson (1972) placed part of T. u. sheldoni in synonymy under T. u. madrensis in his examination of Thomomys in Chihuahua, but did not include specimens from the type locality of T. u. sheldoni (in northeastern Nayarit) in his investigation. Because of Anderson's action, T. u. sheldoni is listed as a junior synonym in recent taxonomic references (Patton 2005) , but this name should be considered available.
Thomomys sheldoni chihuahuae Nelson and Goldman, 1934 T. u. chihuahuae Nelson and Goldman, 1934:114 Baker and Greer 1962) .
Comments. -Hafner et al. (2011) assigned all specimens of T. u. eximius except those from the type locality to T. atrovarius based on a combination of genetic and morphometric evidence. In that study, morphometric evidence suggested that specimens from the type locality in extreme northeastern Sinaloa belonged to the Sierra Madre clade of T. umbrinus, which we now recognize as T. sheldoni. The taxonomic placement of specimens from the type locality of T. u. eximius is problematic because the exact location of the type locality is unknown (Goldman 1951:251) and therefore could not be resampled. Attempts to extract useful DNA from 114-year-old study skins of 2 paratype specimens were unsuccessful. However, ancient DNA extracted from study skins of specimens collected more recently from 2 localities (18 km north-northeast of Choix and 1.5 miles east-northeast of El Cajon) near the presumed location of the type locality show them to be T. atrovarius. Accordingly, we tentatively regard T. u. eximius as a subjective junior synonym of T. atrovarius until such time as evidence emerges to support or refute this decision.
Thomomys s. chihuahuae likely comes into contact with T. u. madrensis (Northern Desert clade; Fig. 1 ) near the town of Colonia Garcia in northwestern Chihuahua. T. umbrinus in this region has 2n ¼ 78 chromosomes, whereas T. sheldoni has 2n ¼ 76. Individuals of T. s. chihuahuae are on average larger than individuals of the Northern Desert form of T. umbrinus. Characters generally useful for distinguishing T. s. chihuahuae from nearby individuals of T. umbrinus are (all dimensions in mm) total body length . 180, ONL . 34.2, OIL . 34.7, and MTR . 7.2. The closest known population of the Central Plateau clade (locality 14 in Fig. 1) is located approximately 17 km east of the Sierra Madre population at locality 15 (Fig. 1) . Because these populations live in different habitats at different elevations (locality 14 is in high desert habitat at 1,730 m, whereas locality 15 is in pine-oak forest at 2,712 m), it is unlikely that these taxa will be found in contact. Individuals of T. umbrinus of the Central Plateau clade have 2n ¼ 78 chromosomes.
Specimens of T. s. chihuahuae from El Vergel, Chihuahua (locality 15 in Fig. 1 ), appear to be intergrades between this subspecies and T. s. sheldoni. Hafner et al. (1987) assigned specimens from this locality to the southern Sierra Madre clade (T. s. sheldoni) based on allozyme data, but our multilocus analyses have them either weakly linked with the northern Sierra Madre clade (ML) or basal to the Sierra Madre clade (BI). For the time being, we have assigned specimens from El Vergel to T. s. chihuahuae based on their geographic location, while recognizing that they are most likely intergrades between the 2 subspecies of T. sheldoni.
Thomomys sheldoni sheldoni Bailey, 1915 Thomomys sheldoni Bailey, 1915:93 Geographic range.-Thomomys s. sheldoni appears to be restricted to the high-elevation (!2,000 m) habitats in the predominantly pine-oak forests of the Sierra Madre Occidental in western Durango, northeastern Nayarit, and western Zacatecas. Specimens of Thomomys from the Sierra Madre Occidental of Durango previously recognized as T. umbrinus chihuahuae are now recognized as T. s. sheldoni. This taxon does not include individuals recognized by Matson and Baker (1986) as T. umbrinus sheldoni from the vicinity of Monte Escobedo, Zacatecas. Individuals formerly assigned to T. u. crassidens from the vicinity of Chalchihuites, Zacatecas (Matson and Baker 1986) , were assigned to T. s. sheldoni in this study based on cranial morphology (fresh tissues were not available for molecular analysis). Ongoing ancient DNA analyses hopefully will elucidate the phylogenetic position of these specimens, but until then, they are provisionally assigned to T. s. sheldoni.
Comments.-Populations of T. s. sheldoni in northeastern Nayarit are in close proximity (within 13 km) to populations of a genetically distinct clade of Thomomys (also 2n ¼ 76) in the Sierra del Nayar. Specimens of T. s. sheldoni are, on average, larger than specimens of the Sierra del Nayar form in all cranial dimensions (Fig. 4b) , although this distinction may not hold once larger samples of the Sierra del Nayar form become available. Populations of T. s. sheldoni in northeastern Nayarit also occur within 29 km of populations of T. atrovarius. Characters useful for distinguishing specimens of T. atrovarius from specimens of other Thomomys species in Mexico were described by Hafner et al. (2011) .
RESUMEN
Thomomys sheldoni Bailey, 1915 es resucitada para reconocer un clado genéticamente divergente de tuzas de dientes lisos que habitan los bosques de altura de pino-encino de la Sierra Madre Occidental en México desde el noroeste de Chihuahua a través de Durango hasta el oeste de Zacatecas y el noreste de Nayarit. Análisis de secuencias de ADN de 8 genes y pruebas de asignación de 21 establecieron este clado como un taxon aislado genéticamente dentro del complejo T. umbrinus (sensu lato). Además del clado de T. sheldoni (número diploide 2n ¼ 76), 3 clados genéticos dentro de T. umbrinus (2n ¼ 78) y un clado recientemente descubierto (2n ¼ 76) también fueron recuperados en los análisis filogenéticos. Los individuos de T. sheldoni y T. umbrinus se encontraron en proximidad cercana sin evidencia de flujo genético y una divergencia genética promedio de citocromo-b de 15.6%. Los análisis de morfología craneal revelaron que los cráneos de T. sheldoni son, en promedio, más anchos y más largos que los cráneos de T. umbrinus y de T. atrovarius. Reconocemos y proporcionamos para 2 subespecies dentro de T. sheldoni basados en una discontinuidad genética y morfológica que coinciden con un vacio grande norte-sur en su distribución: T. s. sheldoni en el sur de la Sierra Madre Occidental, que incluye especímenes de la localidad tipo y poblaciones en Durango, Zacatecas, y Nayarit; y T. s. chihuahuae en el norte de la Sierra Madre Occidental, la que se conoce solamente de Chihuahua.
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APPENDIX I
Specimens examined
Specimens new to this study are deposited in the Collection of Mammals, Louisiana State University Museum of Natural Science (LSUMZ). Other specimens used in this study are housed in the Museum of Vertebrate Zoology, University of California, Berkeley (MVZ); the United States National Museum of Natural History (USNM); the University of Kansas Natural History Museum (KU); Colección Nacional de Mamíferos, Instituto de Biología, Universidad Nacional Autónoma de México (CNMA); the Museum of Southwestern Biology, University of New Mexico (MSB); the California Academy of Sciences (CAS); and the New Mexico Museum of Natural History (NMMNH). Specimens used in the molecular analyses are designated ''M'' (''aM'' for ancient DNA), those used in the chromosomal analysis are designated ''k,'' those used in the morphometric analyses are designated ''m,'' and those in the allozyme analyses are designated ''a.'' GenBank numbers for DNA sequences are given in Appendix III. Sample sizes for each kind of analysis are 
